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PTPN11: protein tyrosine phosphatase, non-receptor type11??? 
HRAS: v-Ha-RAS Harvey rat sarcoma viral oncogene homolog??? 
KRAS: v-Ki-RAS2 Kirsten rat sarcoma oncogene homolog??? 
BRAF: v-raf murine sarcoma viral oncogene homolog B1??? 
RAF1: v-raf-1 murine leukemia viral oncogene homolog 1??? 
SOS1: son of sevenless homolog1??? 
MEK1/2: mitogen-activated protein kinase kinase 1/2??? 
SHOC2: soc2 suppressor of clear homolog (C.elegans)??? 
RasGAP: RAS p21 protein activator (GTPase activation protein) 1??? 
CFC???: cardio-facio-cutaneous??? 
LEOPARD???: Lentigines?ECG abnormalities?Ocular hypertelorism?Pulmonary 
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CS, ???????; CFCS, cardio-facio-cutaneous ???; IQ, intelligence quotient????; DQ, 
development quotient????; ND, not described   
aAoki et al.[2005], bNiihori et al. [2011], cNarumi et al. [2007]                                            
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?????      
 ??? 
BRAF BRAF BRAF BRAF KRAS BRAF 
 ???? c.770A>G c.1785T>G c.770A?G ND c.547_552del   
ACAAAG 
c.1390G?A 
 ?????? p.Q257R p.F595L p.Q257R ND p.183_184delTK p.G464R 
?? ?? ?? ?? ?? ?? 
?? 24? 21? 25? 21? 22? 
??      
   ????? - +            
???? 
- - ND 
   ?????? 
- - - - ND 
??      
   ?????? - - - - + 
   ????? - - - + - 
   ?????? - - - - - 
   ??? - + - - + 
  ??????   ???? 
?????      
   ????? - + - - ND 
 
 ??????                                       
??????                                                     
????? 
  
+    ???? + 
??????? 
+ - ND 
ADL 
    
  ?? ????? ???? ???? ????? ????? 
  ?????? ??? ??? ??? ????? ????? 
  ??  ????? 
??? 




  ?? ?? ????? 
?????? 
??????? 




???   
?? ?? 
  ??/?? ????? 
???? 
??? 

















??.? 1. ??????????????????????????????? 
??? ???? (%) ??? (%) 
??? 124 (75%) 205 (83%) 
??? 20 (12%) 21 (8%) 
???? 3 (2%) 3 (1%) 
??????? 3 (2%) 3 (1%) 
?? 2 (1%) 2 (1%) 
???? 1 (1%) 1 (0.5%) 
??? 1 (1%) 1 (0.5%) 
?? 1 (1%) 1 (0.5%) 
???? 1 (1%) 1 (0.5%) 
??? 10 (6%) 11 (4%) 






??.? 2  ????? PCR???????????????? 




HRAS 1 5'-F-ctgagcagggccctccttg 5'-R-ctcctggggtgctgagacg 381 59 
 2 5'-F-gcatgagaggtaccagggag 5'-R-acatgcgcagagaggacagg 361 59 
 3 5'-F-tgtcctctctgcgcatgtcc 5'-R-cagggcgtgagcccagac 476 59 
?  4 5'-F-gagcttcgggccaggcaag 5'-R-ccatgtcctgagcttgtgc 395 59 
KRAS 1 5'-F-acacgtctgcagtcaactgg 5'-R-acatataacttgaaacccaagg 484 59 
 2 5'-F-gtccgtcatctttggagcagg 5'-R-gcatggcattagcaaagactc 439 59 
 3 5'-F-ggtgtagtggaaactaggaattac 5'-R-ggattaagaagcaatgccctctc 478 56 
 4a 5'-F-ctcaaacttcttgcacatggc 5'-R-gtggttgccaccttgttacc 313 56 
?  4b 5'-F-acctgtacacatgaagccatcg 5'-R-agctaacagtctgcatggagc 335 59 
BRAF 1 5'-F-gctctccgcctcccttcc 5'-R-aaggtggctgagggcatcaa 253 56 
 2 5'-F-ggaacactggcagttactgtg 5'-R-ggcaaagctaattctctcttcc 337 56 
 3 5'-F-gtcaggacaaagtccggattg 5'-R-gcctctatttgcatgacctctg 421 56 
 4 5'-F-gttgtatctgacctagtaaccc 5'-R-aactcctcatatggcctacag 397 56 
 5 5'-F-cgatggaatattagggagcc 5'-R-caaatgttggcctctaggag 532 56 
 6 5'-F-aagttagatagtggggtggg 5'-R-gggagagaaatactgtccattc 511 59 
 7 5'-F-ctgggttttgcacaagttagg 5'-R-gcggttcaagtagcatgtcg 418 56 
 8 5'-F-gagcaaagcagctttggcag 5'-R-catcagagagaaaccagaagc 555 56 
 9 5'-F-ggtttacattggcaagtgcttc 5'-R-gtgtctgttacttgaaagaggc 358 56 
 10 5'-F-ccccaaccttctacccctg 5'-R-cagcaaaaagcagtgccgtag 428 56 
 11 5'-F-cttcctgtatccctctcaggc 5'-R-atggtaggagtcccgactgc 456 59 
 12 5'-F-atggtatggagttagggctatg 5'-R-tagttgctaccactgggaacc 302 59 
 13 5'-F-cttggcaattgccagtctcttc 5'-R-accagccattagttagcatcc 515 59 
 14 5'-F-acacccccaagtatgttctg 5'-R-ctatacatgcatgcacaatcc 323 59 
 15 5'-F-ggaaagcatctcacctcatcc 5'-R-aactcagcagcatctcagggc 463 59 
 16 5'-F-tggtaaaagcattgctctagg 5'-R-ccttcacgcttacccaggag 353 59 
 17 5'-F-cccaccatctatgatgtggca 5'-R-gtgtgcccaaaaaagtgctcag 452 56 
?  18 5'-F-cttgtaaagtgtgatgggactc 5'-R-tgctactctcctgaactctc 376 56 
  F: 5'-gtaaaacgacggccagt R: 5'-aggaaacagctatgacc   





??.? 2  ?? 




MAP2K1 1 5'-F-ggaggaagcgagaggtgc 5'-R-aaccagatcggagcctggc 262 56 
 2 5'-F-tcttggcccagacctggagc 5'-R-gtcttccttctaccctggtcc 439 59 
 3 5'-F-ctggaacagcctccagtgcc 5'-R-agctggtcacctcccagacc 466 59 
 4 5'-F-cctgcctcagccacagccg 5'-R-ccagacagggaagagtctagtg 344 56 
 5 5'-F-tgcgtctcaaaggaggaaggc 5'-R-gtaggagttgctgcctcagc 383 56 
 6 5'-F-gctggtctgtgtggaatgctg 5'-R-acaagactctggctccacagg 332 56 
 7 5'-F-aggcaggaggccaaattcaag 5'-R-gtacgagaatcagccctccag 445 56 
 8 5'-F-tggtcccagggatccatgcc 5'-R-gggattacaggcgtgaaccac 284 56 
 9 5'-F-tactgcctttggactgcagag 5'-R-cagacgggagggtaaagggc 346 56 
 10 5'-F-tagtgtgcagagaagacaggc 5'-R-tgggctctggaagtactgcac 357 56 
?  11 5'-F-caagtgcagcacaagctctag 5'-R-cacatctgaacagagacaggc 349 56 
MAP2K2 1 5'-F-gcgtaggcgccgaccgctc 5'-R-gcctcgtgcactcctcgcg 308 56 
 2 5'-F-atgcaccacggccacatagc 5'-R-gctgccttcccaacctgcc 402 59 
 3 5'-F-actgttgggaacgcctgcag 5'-R-ccgtgagggggtcttccttc 323 59 
 4 5'-F-gcagagcctgcactcactcc 5'-R-cccaccacactgtgagtggc 244 56 
 5 5'-F-ctctgactgctcagctctgac 5'-R-gagttcacgaggatgttggagg 290 56 
 6 5'-F-gcaccgaggtaaggcccag 5'-R-gagagctggctggcagagc 337 56 
 7 5'-F-gctgtaacggggcaagcctc 5'-R-aggcagctgctgaccctgg 407 56 
 8 5'-F-gcgcctggtggtgatcagc 5'-R-ttggtgactcttgctctggtc 302 56 
 9 5'-F-tgaccggacaggacagtgag 5'-R-acgctgcactgggattctgg 302 56 
 10 5'-F-ctctggtcggagagatccag 5'-R-tcctggtcgcaggtgctgg 318 56 
?  11 5'-F-gtaccatctgccagggctgg 5'-R-ccagcctgtcctcagctgg 318 56 
  F: 5'-gtaaaacgacggccagt R: 5'-aggaaacagctatgacc   










                (F: M13 forward?? a)        (R: M13 reverse?? a) 
 
??.? 2  ?? 




PTPN11 1 5'-F-gctgcacagtctccgggatc 5'-R-ttccggacggggctaaccg   294 56 
 2 5'-F-cgtcttagctgtgttgttgtgg 5'-R-aggcagaccgctatccaagc   318 56 
 3 5'-F-ggtaaaatccgacgtggaag 5'-R-gtcatacacagaccgtcatgc   390 56 
 4 5'-F-gtgtttaggagagctgactg 5'-R-cccaaaggtaacatcttgcc 399 56 
 5 5'-F-ctgcagtgaacatgagagtgc 5'-R-tgggtacatggaggctgatg 349 56 
 6 5'-F-atgaaccctctgtccgtgcc 5'-R-caagagcaacttctcctccac 339 56 
 7 5'-F-gaagtaatgctgatccaggc 5'-R-aagagcacacgaccctgacg 298 56 
 8 5'-F-actaggctggggagtaactg 5'-R-tggccaatctgacatgtctc 284 56 
 9 5'-F-cttcctcatgtcctgaaagtaac 5'-R-ccagagaatcagttacagtaagc 368 56 
 10 5'-F-ctaacagatgcgaaacaggcc 5'-R-acggcaagaccctgaattcc 372 56 
 11 5'-F-aaccgggtgattcctcaacc 5'-R-aagagctaggagtgggtagg 345 56 
 12 5'-F-ctgactccaaagccctatgc 5'-R-ccagactgttttcgtgagcac 351 56 
 13 5'-F-agcattgtctctgagtccac 5'-R-gagagcgtatccaagaggcc 344 56 
 14 5'-F-cagtattctcaacccgtctatc 5'-R-ggcatgtgctacaaacttgtg 382 56 
?  15 5'-F-ctgtaccatatctggtgccc 5'-R-cattcccaaattgcttgcctgc 328 56 
RAF1 2 5'-F-ctttatgtattgtgttcttgggttg 5'-R-gaacatgatccttaatgtgctcc 371 56 
 3 5'-F-ctgtgcccacctttccaagg 5'-R-tcaggcccagcttaacgtg 398 56 
 4 5'-F-cttgctgtgtggccttgagc 5'-R-gagaaatctctgttatgcctggc 276 56 
 5 5'-F-ggaggccaagaaatgaagttgtc 5'-R-ctagaatccagacctgtcagtc 313 56 
 6 5'-F-tgcaaaagcaaggcatgctg 5'-R-cgtagagaggagggaatgcg 283 56 
 7 5'-F-ggttgtacaggtagagtttgcc 5'-R-ccagagacctgagaaagtgttg 381 59 
 8&9 5'-F-tgttcttgcacatcctcctc 5'-R-actgaaccctaattggcagg 396 56 
 10 5'-F-ggttgatcctttgatgccctc 5'-R-gagcactcagtcctctcctc 292 56 
 11 5'-F-gccgtatctgtgtaggtatgtg 5'-R-gcggcacagtccactaactc 291 56 
 12 5'-F-acagcacagaacccactgtc 5'-R-gaaggcttttcctgatcctgg 350 56 
 13 5'-F-aacactccttggagccagg 5'-R-accgagagccacttgtgatag 248 56 
 14 5'-F-gacagaggtaaggtggagag 5'-R-cggggaaatgtacagaaacgc 324 56 
 15 5'-F-aatgaaagggacagcctggc 5'-R-accctctagctgcttaggc 295 56 
 16 5'-F-agcagctagagggttaggac 5'-R-ctcccaccttatattgccatc 285 56 
?  17 5'-F-ccaggtcctctacaagatgg 5'-R-gcctctggagaaagggagc 315 56 
  F: 5'-gtaaaacgacggccagt R: 5'-aggaaacagctatgacc   
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SOS1 1 5'-F-gagccttccacctcaggag 5'-R-atcaaatgccagttcctctgc 305 56 
 2 5'-F-ccgagctgtacagccatcag 5'-R-gctcaaatgtgtggtctagtc 287 56 
 3 5'-F-caggatgtgatattccccctag 5'-R-ccttctcaccacataaatctctgg 552 56 
 4 5'-F-gttggtaagcacaggcctc 5'-R-ctggagatattccccaacac 447 56 
 5 5'-F-cagagaacttagagcatttcac 5'-R-gtgatcatgaattaagtcccac 459 56 
 6 5'-F-tgcaaattgtacacctttgcag 5'-R-agctggaaagaagtaagactc 448 56 
 7&8 5'-F-tgtgctcgcatagtcgtgcc 5'-R-cactaatgtgcagggtactcac 521 56 
 9 5'-F-gcctgtcacaagatataaccc 5'-R-gagggaactgggatccctg 476 56 
 10(??) 5'-F-gtgaataccttctcagtgagac 5'-R-ctcttcagctgacttggcag 545 56 
 10(??) 5'-F-ggcagccaagacttcctggtg 5'-R-ggcacaataaacccatgcagg 524 56 
 11 5'-F-gtccaaagccttctacttggc 5'-R-gaaaaggatcttagctcaatctc 317 56 
 12 5'-F-gactggtgaaaacgtttgtgg 5'-R-ctccttgtttgggaaaggtcc 327 56 
 13 5'-F-caaacaaggagaggggtgac 5'-R-tactgagccccaatgacatc 452 56 
 14 5'-F-gcaaagatacattcaggtgtc 5'-R-gcctgcctggccttattac 503 56 
 15 5'-F-gttttcacagacctttctgttgg 5'-R-gacagagcaaaactccgtctc 397 56 
 16 5'-F-cgccacccccctactctctac 5'-R-tagcttaggctgggacctgtg 516 56 
 17 5'-F-gggcgtttctgttagcctag 5'-R-ttctaaagggcttcaggtgc 376 56 
 18 5'-F-ggcaactgagatggtacagtg 5'-R-ctcccctataaaataaacctgcc 392 56 
 19 5'-F-ggcaggtttattttataggggag 5'-R-ggaagtgggatattcctggac 454 56 
 20(??) 5'-F-tagctgaattttaccaggcac 5'-R-ctgtggtactggaagcaccag 337 56 
 20(??) 5'-F-ccacacctctgcagcaggag 5'-R-gttggtggagtttagaatttgtc 391 56 
 21 5'-F-cttctcaaaagtaagtagtaatgagg 5'-R-gtaccaatgctgccagaccc 346 56 
 22 5'-F-gtctgcatgcttttatggcag 5'-R-gagaactaaactagacagccg 415 56 
?  23 5'-F-ccaccacgagaacctgtgag 5'-R-gctggcacattcagtgcatcc 479 56 
  F: 5'-gtaaaacgacggccagt R: 5'-aggaaacagctatgacc   









??.? 2  ?? 




SHOC2 1 5'-F-gctgattacttcttcaagccag 5'-R-gagggactgcaatttgttactg 536 56 
NRAS 1 5'-F-ctccagaagtgtgaggccg 5'-R-tgatccgacaagtgagagac 384 60 
 2 5'-F-cagataggcagaaatgggcttg 5'-R-ttcccagtagcaagcttcac 528 60 
 3 5'-F-gcctcccaaagtgctgagattg 5'-R-ggatcacatctctaccagag 355 60 
?  4 5'-F-ggattgtgtccgttgagctagc 5'-R-gacaataacaccagcactcctc 323 60 
  F: 5'-gtaaaacgacggccagt R: 5'-aggaaacagctatgacc   
                  (F: M13 forward?? a)      (R: M13 reverse?? a) 



























 ??.? 3. CFC???????????????????????? 
?  BRAF KRAS MAP2K1/2 
??? 38 8 8 
??       
   ??  19/36 (53%) 6/8 (75%) 3/8 (38%) 
   ?? 17/36 (47%) 2/8 (25%) 5/8 (63%) 
??       
   ????? 2/20 (10%) 0/3 (0%) 0/1 (0%) 
   ?????? 4/22 (18%)a 1/5 (20%)b 0/2 (0%) 
?????       
   ???? 26/27 (96%) 6/6 (100%) 5/5 (100%) 
   ???? 37/37 (100%) 8/8 (100%) 7/7 (100%) 
??       
   ?????? 9/36 (25%) 4/8 (50%)f 0/6 (0%) 
   ????? 12/36 (33%) 2/8 (25%) 2/7 (29%) 
   ?????? c 10/37 (27%) 1/8 (13%) 2/7 (29%) 
   ??? 7/36 (19%) 3/8 (38%) 0/6 (0%) 
?????       
   ????? d 7/19 (37%) 0/1 (0%) 0/3 (0%) 
   ???? 14/27 (52%) 1/2 (50%) 1/4 (25%) 
?????       
   ?????? 19/23 (83%) 6/7 (86%) 6/6 (100%) 
   ????? 15/26 (58%) 6/6 (100%) 3/4 (75%) 
   ??? 23/27 (85%) 6/6 (100%) 4/4 (100%) 
   ???????? 17/23 (74%) 6/6 (100%) 3/3 (100%) 
????       
   ??? 25/31 (81%) 8/8 (100%) 4/6 (67%) 
??       
   ??????? 29/32 (91%)e 4/7 (57%) 5/5 (100%) 
   ??????? 21/28 (75%) 5/5 (80%) 2/4 (50%) 
   ?? 10/27 (37%) 1/5 (20%) 0/4 (0%) 
   ?????? 13/25 (52%)e 0/5 (0%) 0/4 (0%) 
   ?????????? 22/29 (76%) 5/5 (100%) 2/4 (50%) 
   ?????? 4/21 (19%) 1/5 (20%) 0/4 (0%) 
   ?? 8/20 (40%) 1/4 (25%) 2/5 (40%) 






fMAP2K1/2 ????????? KRAS ???????????????(P?0.05????????
?)?                            
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??.? 4. ????????????????(? 2?)????????????????
????????????   
?? ??? ???(%) ?? 
?????? 11.8/100,000 72.2 [Murai et al. 2011]1) 
?????? DCM 14.0/100,000 58.4 [Miura et al. 2002]2) 
 HCM 17.3/100,000   
 RCM  0.2/100,000   
????? 0.54/100,000   56.8 [Kuriyama et al. 2008]3) 
??????? 0.73/100,000 (??) 53.6 [Wakai et al. 1997]4) 
 1.47/100,000 (??)   
                                                                    
?????  3.9/100,000  (1972?) 56.7 [Teranishi et al. 2007]5) 
 14.2/100,000  (1987?) 40.2  
 19.4/100,000  (1993?) 49.6  
 27.5/100,000  (2001?) 50.0  
???? 45.4/100,000 (??) 41.0 [Lin et al. 2000]6) 
 12.4/100,000 (??)   
???? 45.1/100,000 39.3 [Satoh et al. 2011]7) 
??????? 0.82/100,000 33.4 [Nishimori et al. 2007]8) 
DCM, dilated cardiomyopathy ??????; HCM, hypertrophic cardiomyopathy ?????




         
? ?      ??.? 5. ???????????????????? 
???????? ??? ???/??? ??  ???? Reference 
Down??? 5.82/10,000?? ?????? 1980-1997?? 18?????? ????? [Hoshi et al. 1999]9) 
5.7/100,000??                                                                                    
11.8/100,000 (??) 
??? 9????????????? ????? [Hook and Warburton 1983]10) Turner??? 





????? [Stochholm et al. 2006]11) 
???????? 
Klinefelter??? 40/100,000 (????) ????????? 1931-2000??????   
????????????? 
????? [Bojesen et al. 2003]12) 
Williams??? 1/7,500 ????????????????????? ???????? [Stromme et al. 2002]13) ??????????
(????????) 
Smith-Magenis??? 1/25,000  ????????????? 2?????? ???????? [Greenberg et al. 1991]14) 
Prader-Willi ??? 13/100,000  
(?????)                                                                                       
20/100,000  
(???????)                                    
?????????? 7-25????? ????  [Akefeldt et al. 1991]15) ?????????   
?????????   
??? 
Angelman??? 1/10,000 ?????????????????                                                       ???? [Petersen et al. 1995]16) 
Cornelia de Lange??? 0.5/100,000 ???????????? ???? [Beck 1976]17) 
?? X??? 1/6,045 (??) ??????????? ???????? [de Vries et al. 1997]18) 
Rett??? 1/15,000 (??) ???????????????? ???? [Hagberg 1985]19) 
Sotos???  1/20,000 ???????????????????    
???????????? 
?  [Kurotaki et al. 2003]20) 
Kabuki??? 1/32,000??                                                                            ???????? 1971-1986? 16??????                                        ???? [Niikawa et al. 1988]21) 
Alexander??? 1/2,700,000 ????????????????????? ???????? [Yoshida et al. 2011]22) 
??????? 
Smith-Lemli-Opitz??? 1/26,500  1999? 6? 1??? 2000? 5? 31????    
?????????????????? ? ? ? ? ? ? ? ?  
?????????
7DHC???? 
[Nowaczyk et al. 2001]23) 
7DHC, 7-dehydrocholesterol  
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